Study Design. A retrospective cohort analysis of prospectively collected data. Objective. The aim of this study was to analyze morbidity and mortality in adult patients undergoing transoral approach using a large national database. Summary of Background Data. The transoral approach to the anterior skull base and atlanto-axial cervical spine provides a direct corridor to the lower clivus, C1, C2, and occasionally C3. Due to the rarity of this approach and the unfamiliar anatomy, there is potential for significant morbidity and mortality. Methods. Adult patients undergoing transoral approach to the cervical spine from 2008 to 2012 were identified by the Current Procedural Terminology (CPT) code 22548 in the ACS NSQIP database. Cases with missing preoperative information were excluded. Univariate and multivariate analyses were performed to assess associated morbidity and mortality. Results. One hundred twenty-six patients underwent cervical spine and clival surgery via the transoral approach. There were a total of 27 (21.4%) postoperative complications with three (2.4%) mortalities. On multivariate analysis, there was an increased risk of complications with operative time >4 hours [odds ratio (OR) 7.8, 95% confidence interval (95% CI) 1.8-33.1, P ¼ 0.0054] and total length of stay >5 days (OR 7.5, 95% CI 2.4-23.4, P ¼ 0.0006).
T he transoral approach to the cervical spine was introduced in 1917 by Kanavel 1 to remove a bullet fragment that was lodged between the atlas and the skullbase. In 1951, Scoville and Sherman 2 described its role in surgical correction of patients with platybasia. In 1957, the resection of a large tumor involving the second and third cervical vertebrae was performed via the transoral approach. 3 In 1962, Fang and Ong 4 utilized the transoral approach for five cases of atlantoaxial dislocation and one case of Pott disease involving C1-C2. Unfortunately, 67% of patients developed infections postoperatively and the popularity of the approach remained low. In the 1980s, in a series of 72 patients, Menezes and VanGilder 5 showed that the transoral approach can be a safe procedure with relatively low risks, successful outcomes, and low infection rates.
Advances in technology and availability of the operative microscope and long surgical instruments have made the transoral approach more manageable, convenient, and safe. 6, 7 The morbidity and mortality from the transoral approach have decreased significantly over time due to improved diagnostic techniques and increased understanding of the pathophysiology of the disease entities. 8 The transoral approach can be used for the surgical treatment of a spectrum of diseases, including congenital, traumatic, spondylotic, autoimmune, and neoplastic conditions. In one large study, the pathologies encountered were primary basilar invagination, rheumatoid arthritis, irreducible cranial settling, secondary basilar invagination due to migration of odontoid fracture fragments, dystopic os odontoideum, granulation masses, clival chordoma, osteoblastoma, and chondroma of the atlas. 5 Other more rare intradural pathologies that can be accessed through this 
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Data Source
The American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) was originally created as a quality improvement initiative for the Veteran's Administration (VA) health system. It has since expanded to the private sector. A validated outcomes registry, the database allows assessment of 30-day risk-adjusted surgical morbidity and mortality in order to provide feedback to participating hospitals.
Data Collection
In this study, the inclusion criteria were based upon adult patients (>18 years old) who underwent transoral approach to the cervical spine during the years available within the NSQIP database (2008-2012) were studied. These patients were identified using the Current Procedural Terminology (CPT) code 22548. Thirty-five cases with missing preoperative data were excluded from the study.
Variable Definitions
Several comorbidities were grouped into the following categories: pulmonary, renal, cardiac, peripheral vascular disease, and neuromuscular injury. Pulmonary comorbidity included history of severe chronic obstructive pulmonary disease (COPD) or ventilator dependence during the 48 hours preceding surgery. Renal comorbidity included dialysis or acute renal failure. Cardiac comorbidity included history of congestive heart failure (CHF) within 30 days before admission, myocardial infarction within 6 months before admission, percutaneous coronary intervention, cardiac surgery, angina within 1 month before admission, or hypertension requiring medication. Neuromuscular injury included hemiplegia, paraplegia, or quadriplegia. This study's definition of morbidity included all NSQIPdefined complications. They were mortality, pulmonary complications (pneumonia, intubation, or ventilator requirement), renal complications (acute renal failure or progressive renal insufficiency), cardiac complications (myocardial infarction or cardiac arrest requiring cardiopulmonary resuscitation), central nervous system (CNS) complication (stroke or coma), deep venous thrombosis (DVT) or pulmonary embolism (PE), sepsis or septic shock, peripheral nerve injury, urinary tract infection (UTI), wound complication (superficial, deep, dehiscence, or organ space infection), and the need for an intra-or postoperative blood transfusion. The scope of this study extended further to mortality, return to operating room, unplanned reoperation, unplanned readmission, extended operative time (>4 hours), and extended length of hospital stay (>5 days).
Statistical Analysis
Descriptive and comparative statistics of demographics, comorbidities, operative details, and postoperative complications were analyzed for all patients. In the univariate analysis, categorical variables were assessed using Pearson Chi-square or Fisher exact test wherein appropriate continuous variables were examined using one-way analysis of variance (ANOVA) test. Variables with a P value <0.2 in the univariate analysis were carried forward into the multivariate analysis. This specific selection criterion was used to consider as many potential risk factors as possible without compromising the validity of regression models. Multivariate regression analysis was used to determine independent risk factors for each postoperative complication that showed a significant difference between cohorts in the univariate analysis. A P value <0.05 was considered significant. SAS software (version 9.3; SAS Institute Inc., NC) was used for all statistical analyses.
Variables to be included in the regression analysis were selected from patient comorbidities and operative characteristics using the selection criteria of P <0.2 by using a series of univariate analyses between each patient variable and each complication studied. These steps were independently performed for all multivariate analyses.
RESULTS
A total of 126 patients undergoing transoral approach were identified in the NSQIP database between 2008 and 2012 (Table 1) . Additional patient demographics and operative characteristics are displayed in Table 1 . Twenty-seven patients (21.4%) had a complication postoperatively ( Table 2) . Of these, three were deaths (11.1% of complications, 2.4% of total transoral cases). Six patients had a pulmonary complication (4.8%), two (1.6%) had a venous thromboembolism, two (1.6%) had a UTI, three (2.4%) developed sepsis, three (2.4%) developed a wound complication, and 20 (24.6%) required an intra-or postoperative blood transfusion.
Univariate Analysis
Patients with pulmonary, cardiac, or renal comorbidities did not have an increased risk of complications (Table 3) . About 11.9% of patients had operative time >4 hours. Among patients who had a postoperative complication, however, 29.6% had operative time >4 hours (P ¼ 0.001). The average percentage of patients who had length of stay (LOS) >5 days were 24.6%. Among patients who had a postoperative complication, LOS >5 days was found in 55.6% (P < 0.0001).
Multivariate Analysis
Multivariate analysis to assess independent risk factors for any complications showed that peripheral vascular disease, neuromuscular disease, and significant alcohol intake (more than two drinks per day) in the 2 weeks before admission did not increase risk of complications (Table 4) . However, operative time >4 hours [adjusted odds ratio (OR) 7.8, confidence interval (CI) 1.8-33.1, P ¼ 0.0054] and total LOS >5 days (adjusted OR 7.5, CI 2.4-23.4, P ¼ 0.0006) significantly increased the risk of complications.
DISCUSSION
The craniocervical junction is composed of the occipital bone that surrounds the foramen magnum, the clivus, the atlas and the axis, and their associated ligaments and musculature. 13 Due to the critical structures in this relatively small region, knowledge of the morphology and anatomy of the vertebral artery, medulla oblongata, spinal cord, and other surrounding structures is essential for a surgeon to perform surgery in a safe manner. Traditionally, the anterior craniocervical junction has been approached through the transoraltranspharyngeal approach with the goal of surgery most often to relieve anterior compression of the cervicomedullary junction. Despite the varied pathological entities, the surgical approach and its accepted morbidity and mortality have improved over the past few decades. The safety of the operation has improved greatly with the advent of the operating microscope and advanced imaging techniques. Disadvantages of the transoral approach include a small working corridor, limited lateral exposure, and a contaminated field.
Recent modifications to the approach include extending the down to C4 and image guidance with stereotactic navigation.
14 Over the last 10 years, the endoscopic endonasal approach has gained popularity and carries potential to improve outcomes. 15 In the difficult, dark, and deep exposure of the transoral approach, the endoscope provides enriched illumination with higher magnification, essential in a deep operative exposure. The angled endoscope provides the ability to see areas that were previously either not seen or difficult to see in surgery. 16 Due to the unique challenges, indications, and anatomy involved with transoral approach to the cervical spine, many studies have evaluated its morbidities, evolution of the technique, single institution outcomes, and subtleties of the approach. In this analysis of the NSQIP database, the transoral approach could be studied among different centers, providers, and geographic locations.
The complication rate from this study was 21.4%. The most common complication was requiring an intraoperative or postoperative blood transfusion (15.9%). In theory, the transoral approach should not involve significant blood loss, despite going through mucosa, fascia, and the median raphe of the prevertebral muscles. 17 In one study that measured estimated blood loss for a cohort of patients who underwent transoral approach, 143 mL was the average, a small amount that typically would not require a transfusion. 18 The pathology necessitating the surgery may involve large blood loss (e.g., tumor, aneurysmal bone cyst, trauma, or aneurysm). It is also possible that the patients who had undergone transoral surgery may have had additional procedures such as posterior spinal fusion, which is known to incur significantly more blood loss. Notably, medical comorbidities, age, body mass index, smoking, and alcohol use did not correlate with overall complication rate. There were three mortalities out of the 126 patients who underwent transoral approaches to the spine (2.4%). In comparison, mortality from other studies ranged from 0% to 8%. [19] [20] [21] [22] One of the main initial concerns with utilizing the transoral approach to the spine since its introduction was infection. There were three infections out of the 126 patients in this study (2.4%). All were classified as superficial site infections. Three patients (2.4%) developed sepsis. By definition, traversing the oropharyngeal space carries risk of infection, as normal oral flora contains 200 different microbial species, many of which are anaerobes. Infection rates range from 0.1% to 13% in other studies. 5, 6, 8, 17, [23] [24] [25] The largest study to date examining infection rates after transoral surgery yielded a rate of 3.6%. Suggestions to keep infectious rates low included dental referral for patients with bad dental hygiene, swabbing patients preoperatively to determine if multi-resistant pathogens were present, closing the pharyngeal incision in layers, and prophylactic use of antibiotics (broad spectrum antibiotics until postoperative day six). 6 The mean operating time was 169.3 minutes. Operative time >4 hours was associated with increased postoperative morbidity. Operative time is multifactorial with pathology, case difficulty, and surgeon experience playing important roles. Still, keeping operative time to a minimum historically has been recommended, as it can decrease complications. Increasing operative time by definition increases time under anesthesia, which has been proven to increase morbidity. 26 Increased operative time has been shown to increase postoperative morbidity and mortality in other disciplines as well. [27] [28] [29] [30] [31] [32] [33] Similar studies involving spinal surgery have confirmed this, 34 but this study is the first to demonstrate this association for transoral surgery. Strategies to reduce surgical time and further research to identify factors associated with longer operative duration are needed for improved patient outcomes.
Hospitals and physicians are increasing efforts to better understand and improve resource utilization and unnecessarily long postoperative hospital stays. Extended hospital stays after an operation can be due to postoperative complications that extend the LOS through management of the complications, including further surgeries and procedures. 35 Postoperative complications were also associated with LOS >5 days. Although LOS has many contributing factors, including diagnosis, patient comorbidities, necessary inpatient consultations (oncology, infectious disease, etc.), limiting LOS should always be a prerogative. Many studies have demonstrated that complications are associated with increased LOS. [36] [37] [38] [39] Similar studies involving spine surgery have shown that an extended LOS is associated with the development of postoperative morbidity. 40 Hopefully, with advancements of new surgical technologies, such as minimally invasive approaches, and use of other efforts to coordinate care processes, LOS can be minimized after transoral spine surgery in the future.
There are several limitations to this study. Due to the small number of transoral surgeries being performed, only 126 patients were identified in the NSQIP database, a relatively small number as compared with more commonly studied spine surgeries. In addition, the NSQIP database favors academic institutions heavily, 41 a phenomenon that can lead to overrepresentation of frequency of complex cases, rarer disease processes, and more varied patient populations. Another weakness is that 30-day postoperative outcomes are catalogued by NSQIP, preventing the analysis of long-term follow-up in these patients. Furthermore, the nuances of approach (such as endoscopy or minimally invasive approach) are not included in the NSQIP database, as the CPT code was used to identify patients. Finally, the international classification of diseases-9 (ICD-9) code in the database often does not accurately reflect the underlying disorder. For example, 17% of diagnoses given for the transoral surgery were ''displacement of lumbar intervertebral disc without myelopathy'' and ''spinal stenosis of lumbar region.'' For this reason, it was difficult to ascertain the condition that led to the patients undergoing transoral surgery.
Despite these limitations, this was the first large, multiinstitutional study of a rare procedure that has complex anatomy and a historically associated high morbidity. We found that transoral surgery carries a high risk of blood transfusions in the perioperative period and a mortality rate of 2.4%. Multiviariate analysis showed that operative time >4 hours increases complication risk, and thus, attempts to minimize surgery duration may result in better patient outcomes.
CONCLUSION
This was the first large-scale, multi-institutional study that investigated the morbidity and mortality associated with transoral approach to the spine. Our data suggested that increasing operative duration was associated with a wide array of complications including death. Strategies to reduce surgical time and further research to identify factors that are associated with longer surgical duration are needed to improve patient outcomes.
Key Points
Traditionally, the anterior craniocervical junction has been approached through the transoraltranspharyngeal approach with the goal of surgery most often to relieve anterior compression of the cervicomedullary junction. 
